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SUMMARY 
The study o f  "Crystal Growth i n  the Presence o f  Grav i ta t iona l  Forces" 
: resul ted i n  a t o t a l  o f  eighteen s c i e n t i f i c  publ icat ions which contr ibuted 
s ign i f i can t l y .  t o  the advancement o f  our experimental and theore t jca l  under- 
standing o f  g rav i t a t i ona l  e f f e c t s  on c rys ta l  growth and dopant segregation. 
Moreover, t h i s  research program served d i r e c t l y  and i n d i r e c t l y  as a compre- 
hensive ground-based study t o  opt imize c rys ta l  growth experiments conducted 
i n  space. Thus, the design o f  the sen~iconductor growth experiments M-562 
(Skylab 111-IV) and MA-063 (ASTP) leaned heavi ly  on the r e s u l t s  o f  t h i s  inves- 
t i g a t i o n  as d i d  major por t ions o f  the theore t ica l  i n te rp re ta t i on  of t k s e  
experiments. For the convenience o f  the reader, copies o f  s i x  per t inent  pub l i -  
cat ions resu l t i ng  from t h i s  program are attached. (See 1 i s t  of p ~ b l i c a t i o n s  
on pages 3 and 4. ) 
PROGRESS REPORT COVERING THE PERIOD 
NOVEMBER 33, 1977 - AUGUST 31, 1978 
(comprising three no-cost contract  extensions) 
During the analysis of the growth experiments conducted i n  space, as y e t  
unexplainec. r idge formations on the resol  i d i  f i e d  semiconductor c rys ta l  s were 
observed. In  v i r d  o f  the po ten t i a l  o f  t n i s  e f f e c t  f o r  zero-gravi ty processing 
of systems requ i r ing  confinement and/or s tab i l i za t i on ,  i t  was decided t o  
invest igate t o  the exte1.t possible the surface tension behavior of doped and 
undoped InSb melts. An inves t iga t ion  o f  the temperature and composition 
dependence o f  InSb melts was nloreover deemed desirable since several theore t ica l  
studies imp1 ied  and/or predicted the presence o f  s ign i  f i c a n t  surface tension 
; nduced convective flows f o r  unconfined InSb me1 ts.  
During the indicated t ime period we conducted sur face tension determin- 
at ions o f  InSb melts making use o f  t he  sessi le-drop technique covering the  
temperature range from 530 t o  180°C. T+e surface tension of  l i q u i d  InSb 
(undoped) and i t s  dependence on temperature was thus determined making use o f  
the Kozakevitch-Urbain approach and i t was found, through a 1 inear . regression 
o f  the data, t h a t  t he  temperature dependence o f  a i s  given by: 
o = 392 - (T-530) x (7x10'~) 5 10 dynfyne/cm 5305T5880°C 
i 
The study showed t h a t  du/dT f o r  i n t r i n s i c  InSb i s  s i g n i f i c a n t l y  l ess  (by almost < 
one order o f  magnitude) than repor ted by Lazarev and Dashevskii (-0.007 + 0.018 
dyne/cm/'C). It was a l so  f ~ u n d  t h a t  the  add i t ion  o f  dopant elements a t  concen- 
t r a t i o n  l eve l s  o f  10'' d i d  no t  s i g n i f i c a n t l y  e f h c t  e i t h e r  t he  absolute value 
o f  a o r  i t s  temperature dependence. Subject ing the ambient o f  the  InSb me1 t s  
t o  p a r t i a l  oxygen pressures, which are equivalent t o  un in ten t i cna i  oxygen 
conta~t inat ions i n  actual  g r o ~ ~ t h  systems, d i d  no t  change the  o values t o  beyond 
the e r r o r  l i m i t s  o f  the experimental technique. 
On the bacis o f  t h s  surface tension data cbtained, i t  must be concluded 
t h a t  surface tension induced convective f low v e l o c i t i e s  i n  InSb under reduced 
g r a v i t y  condit ions range from zero t c  a t  most 1 cmlsec. Accordingly, no conuec- 
t i v e  in ter ference w i th  dopant segregation can be expected dur ing growth i n  
space since the rnorcentum boucdsry l aye r  ( a t  the c r y s t a l  ndlt i n te r face )  asso- 
. 
c iated w i th  any Marangoni-type convect i \v  f lows would, a t  t he  given q r w t h  ra te ,  
be s i g n i f i c a n t l y  la rger  than the  p ied ic ted  d i f f u s i o n  boundary l a y e r  t l l ickness. 
In view o f  the f i i c t  t k t ,  contr.it)'y t o  a theo re t i ca l  stuciy by S.V. Bou:*geois 
and L.W. Spradley, the oxpcr-imental inves t iga t ion  o f  a Te-doped InSb c r y s t a l  
grown i n  space indicates steady-state segregation and thus the absence o f  any 
convective interference due t o  Marangoni-type flows i n  the melt. The apparent 
discrepancy between theory and the experiment must, on the basis o f  our inves- 
t igat ion,  be a t t r i bu ted  t o  erroneous du/dT values used by Bourgeois and 
Spradl ey . 
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